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ORIGINAL ARTICLE
Conductive hearing loss (CHL) can result from
various lesions of the outer and middle ear, such
as chronic otitis media, otosclerosis, and congen-
ital aural atresia. Data on CHL in adults show that,
in bilateral cases, air conduction thresholds are
increased and speech discrimination ability is
decreased. In unilateral cases, CHL often is asso-
ciated with difficulty in sound localization, hear-
ing and understanding speech from the affected
side, and understanding speech in the presence
of background noise.1 Feuerstein used the speech
perception in noise test in simulated CHL and
found that, even if mild, unilateral CHL signifi-
cantly reduces subjective ease of listening and
objective word recognition under conditions of
background noise, particularly when speech comes
from the side of hearing loss.2 Nia and Bance
also studied normal-hearing subjects with sim-
ulated unilateral CHL, and demonstrated that
unilateral CHL is most problematic at lowered
intensity and signal-to-noise ratio (SNR), but it
can be compensated for by increasing volume 
or SNR.3 Pekkarinen et al compared word dis-
crimination ability in subjects with sesorineural
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Background/Purpose: It has been reported that patients with pure conductive hearing loss (CHL) have re-
marked that their hearing is better in the presence of background noise. This study investigated the ability
for speech discrimination under background noise in adult subjects with CHL, using the Mandarin
Hearing in Noise Test (M-HINT).
Methods: Seventeen subjects with unilateral CHL and 15 with bilateral CHL participated in this study.
Twenty normal-hearing subjects served as controls. During the M-HINT, the sentences and noise were pre-
sented in a soundproof chamber. Reception threshold for sentences (RTS) in quiet were obtained first, and
then three more blocks, including noise from the front, right and left, were measured for each subject.
Results: The RTS in quiet was significantly elevated in unilateral and bilateral CHL groups. For the unilat-
eral group, regardless of whether noise came from the front, affected side, or normal side, the signal-to-
noise ratio (SNR) that was needed to reach 50% correction was significantly higher than in the control
group. For the bilateral group, the SNR for noise from the front, left and right was significantly elevated
compared with that in the unilateral and control groups. The noise composite score was also significantly
different among these three groups (control < unilateral < bilateral).
Conclusion: There was reduced speech discrimination ability under background noise in adult subjects
with unilateral or bilateral CHL. [J Formos Med Assoc 2009;108(12):937–942]
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hearing loss, CHL (otosclerosis), and normal
hearing.4 They found that: (1) subjects with sen-
sorineural hearing loss are more adversely affected
by noise than those with CHL and normal hear-
ing; and (2) with moderate noise, speech dis-
crimination ability is similar between those with
normal hearing and those with CHL, whereas, at
high noise levels, subjects with CHL achieve bet-
ter discrimination than do normal-hearing sub-
jects. It also has been reported that patients with
pure CHL have remarked that their hearing 
is better in the presence of background noise.
This phenomenon is called paracusis Willisii, and
it is present frequently in subjects with conduc-
tive deafness without sensorineural hearing loss.5
The reason for hearing-in-noise in CHL is not en-
tirely clear; therefore, the purpose of this study
was to investigate and quantify the ability of hear-
ing in quiet and in background noise for adults
with moderate unilateral and bilateral CHL, by
using the Mandarin version of the Hearing in
Noise Test (M-HINT).
Subjects and Methods
Subjects
A total of 32 subjects with CHL participated in
this study. They were divided into unilateral and
bilateral groups. The unilateral group consisted
of 17 subjects (11 chronic otitis media, 5 otoscle-
rosis, and 1 traumatic ear canal stenosis). There
were two men and 15 women, ranging in age from
22 to 48 years, with a mean age of 37.6 years. This
group had normal hearing on one side and CHL
on the affected side. Normal hearing meant that
air and bone conduction thresholds were < 25 dB
HL across tested frequencies (125, 250 and 500
Hz, and 1, 2, 4 and 8 kHz for air conduction, and
500 Hz, and 1, 2 and 4 kHz for bone conduction).
CHL meant that the bone conduction thresholds
were all < 25 dB hearing level, whereas air–bone
gaps were > 10 dB. The other group was composed
of 15 subjects (10 chronic otitis media and 5 oto-
sclerosis) with bilateral CHL. There were four men
and 11 women, ranging in age from 30 to 56 years,
with a mean age of 40.5 years. Twenty normal-
hearing subjects (7 male, 13 female, ranging in age
from 22 to 44 years, with a mean age of 37.7 years)
served as controls. The experimental procedure
was approved by our Institutional Review Board,
and each subject gave signed informed consent
before receiving the M-HINT.
M-HINT Taiwan version
Two versions of the M-HINT have been developed
and validated by Wong et al.6 The M-HINT, like
other language versions of the HINT, was devel-
oped using the same rationale as the English
HINT.7 The Taiwan version of M-HINT was used
in the present study. This is an adaptive test that
measured the reception threshold for sentences
(RTS) in quiet and in noise. The RTS was the 
presentation level at which half of the sentence 
was recognized correctly. In the M-HINT, we 
used a version that contained 25 lists that each
included 10 sentences. A practice list was also 
used before the real test. Throughout the test, the
HINT default parameters and speech-shaped
noise were employed.
The sentences and noise were presented via
two speakers in a soundproof chamber using
computer-controlled amplifiers and an attenua-
tor developed for this purpose. The speakers were
calibrated to present the noise at 65 dB SPL (sound
pressure level) by a sound-level meter. The dis-
tance from the speaker to the subjects was 85 cm.
The reason for using 85 cm instead of the standard
1 m distance was because of the space limitation
of our soundproof room. However, calibration
with a sound-level meter to ensure the correct
presentation levels was performed before each
test session. We used speakers rather than ear-
phones to prevent the spread of infection, as
some subjects had chronic draining ear(s). RTS
in quiet was obtained first, and then three more
blocks including noise from the front, right and
left were measured. Finally, noise composite sco-
res, which represented the average performance
in noise, were calculated using the formula: [(2×
noise front score + noise right score + noise left
score)/4].6
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Results
General audiometric data
In the unilateral CHL group, the mean air con-
duction threshold on the affected side was 45.1 ±
10.7 dB hearing level, and the mean air–bone
gap was 26.8 ± 5.0 dB. In the bilateral group, the
mean air conduction threshold for the right ear
was 41.9 ± 11.1 dB hearing level, with a mean
air–bone gap of 22.3 ± 11.3 dB. On the left side,
the mean air conduction threshold and air–bone
gap were 47.7 ± 15.4 dB hearing level and 26.7 ±
9.9 dB, respectively.
RTS in quiet
The mean RTS for the control, unilateral CHL,
and bilateral CHL groups were 22.3 ± 2.2, 29.9 ±
3.5, and 50.2 ± 6.8 dB A, respectively (Table). The
RTS was poorer in the unilateral group and
much poorer in the bilateral group than in the
control group. The differences among these three
groups reached statistical significance [one-way
analysis of variance (ANOVA), p < 0.05].
Hearing in noise
When signal and noise both came from the front,
the mean SNR for the control group to reach
50% correct sentence discrimination was –6.9 ±
1.0 dB. The mean SNR was –5.7 ± 0.9 dB for the
unilateral CHL group and –3.1 ± 1.9 dB for the
bilateral CHL group (Table). The SNR level was sig-
nificantly elevated in the CHL groups (bilateral >
unilateral> control; one-way ANOVA, p<0.05).
In the control group, the mean SNR when
noise came from the left was −12.6 ± 1.9 dB. When
noise came from the right side, the mean SNR
was –15.4 ± 1.0 dB. These SNRs were significantly
different (paired t test, p < 0.05). The reason 
for this difference is unclear. One possibility is
that the sample size of 20 was too small to repre-
sent the real normal data. In comparing the SNR 
of the two CHL groups, we used the signal from
the left as a standard in order to prevent too great a
difference. For the unilateral group, the mean SNR
was organized into two sets: noise from the af-
fected side and from the normal side. The mean
SNR when noise came from the normal side and
affected side was −5.7 ± 2.5 dB and −9.3 ± 2.4 dB,
respectively. For the bilateral CHL group, the
mean SNR for noise from the left and right was 
−2.9±3.1dB and −5.5±3.6dB, respectively (Table).
Compared with the normal group (noise from
the left), the SNR was significantly elevated in
the unilateral group regardless of whether noise
came from the affected or normal side (Student’s
t test, p < 0.05). The SNR also was significantly el-
evated in the bilateral CHL group for noise from
the left and the right (Student’s t test, p < 0.05).
The mean noise composite scores for the con-
trol, unilateral CHL, and bilateral CHL groups
were −10.4±0.9dB, −6.6±1.1dB and −3.7±2.1dB,
respectively (Table). Again, significant differences
were found between these three groups (bilateral >
unilateral > control; one-way ANOVA, p < 0.05).
Within the unilateral group, the mean SNR
with noise coming from the front was −5.7 ±
0.9 dB. When noise was from the affected side,
the SNR was –9.3 ± 2.4 dB; SNR was –5.7 ± 2.5 dB
when noise was from the normal side. There was
no significant difference if noise came from the
Table 1. Mandarin Hearing in Noise Test in sound field for control, unilateral conductive hearing loss (CHL)
and bilateral CHL groups*
RTS Control (n = 20) Unilateral CHL (n = 17) Bilateral CHL (n = 15)
In quiet (dB A) 22.3 ± 2.2 29.9 ± 3.5 50.2 ± 6.8
Noise from front (dB) −6.9 ± 1.0 −5.7 ± 0.9 −3.1 ± 1.9
Noise from right (dB) −15.4 ± 1.0 −9.3 ± 2.4† −5.5 ± 3.6
Noise from left (dB) −12.5 ± 1.9 −5.7 ± 2.5‡ −2.9 ± 3.1
Noise composite (dB) −10.4 ± 0.9 −6.6 ± 1.1 −3.7 ± 2.1
*Data presented as mean ± standard deviation; †noise from affected side; ‡noise from normal side. RTS = reception threshold for 
sentences.
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front or normal side (paired t test, p > 0.05). How-
ever, when noise was from the affected side 
(signal from the normal side), the SNR was sig-
nificantly lower than that for noise from the
front and normal side (paired t test, p < 0.05).
Relationship of hearing level of the 
poorer ear with performance in noise 
in unilateral CHL
The relationship of the averaged hearing thresh-
old (500 Hz, and 1, 2 and 4 kHz) of the affected
ear and the results of the M-HINT in the unilat-
eral CHL group were analyzed using a linear re-
gression and correlation test. The Figure shows
the scattered plot of hearing level and speech
perception in noise. Figure A shows that the RTS
in quiet was correlated moderately with the aver-
aged hearing level of the affected ear (Pearson’s
test, r = 0.61). With every 5.0-dB increase in hear-
ing level, the RTS increased by 1.1 dB A. Figure B
shows that the SNR for speech from the front was
not well correlated with the hearing level of the
affected ear (Pearson’s test, r = 0.32). Figure C
demonstrates that the SNR for noise from the
normal side was correlated highly with the hear-
ing level of the affected ear (Pearson’s test, r =
0.77). The SNR increased by 1.1 dB with a 5.0-dB
increase in hearing threshold. As with noise from
the front, the SNR for noise from the affected ear
did not correlate well with hearing level (Pearson’s
test, r = 0.27) (Figure D). Finally, the noise com-
posite score correlated well with the hearing level
of the poorer ear (Pearson’s test, r = 0.76), which
was probably because of the effects of noise from
the normal side. In summary, the averaged hear-
ing level can be used to predict the RTS in quiet,
SNR for noise from the normal side, and noise
composite score with reasonable accuracy, but not
in the case of noise from the front or affected side.
Relationship of hearing level of the poorer ear
with performance in noise in bilateral CHL
Similar results for the relationship of hearing
level of the poorer ear with performance in noise
in bilateral CHL were obtained as for unilateral
CHL. The results are shown in the Figure. The
RTS in quiet was correlated moderately with the
averaged hearing level of the poorer ear (Figure A;
Spearman’s test, r=0.73). Also, the SNR for speech
from the front did not correlate well with the
hearing level of the poorer ear (Figure B; Spear-
man’s test, r = 0.34). The SNR for noise from the
better side was correlated highly with the hearing
level of the poorer ear (Figure C; Spearman’s test,
r = 0.78), whereas the SNR for noise from the
poorer ear did not correlate well with hearing
level (Figure D; Spearman’s test, r = 0.37). Finally,
the noise composite score correlated well with
the hearing level of the poorer ear (Figure E;
Spearman’s test, r = 0.78).
Discussion
Earlier studies have shown that normal-hearing
subjects and subjects with CHL are equally resistant
to the disturbing effects of background noise.8–11
On the contrary, the results of the present study
clearly demonstrated reduced speech discrimina-
tion ability under background noise in patients
with unilateral or bilateral hearing loss. The gen-
eral performance of speech discrimination in noise
(noise composite score) was an average of 3.8 dB
SNR poorer for the unilateral CHL subjects and
6.7 dB SNR poorer for the bilateral CHL subjects
than the normal-hearing control group. These 
results also disagree with the phenomenon de-
scribed as paracusis Willisii.
Compared with more recent studies using the
speech perception in noise test, our results are in
line with the studies of Feuerstein,2 and Nia and
Bance.3 However, because the HINT employs an
adaptive procedure with a fixed noise level
(65 dB SPL), the findings cannot be compared
with those obtained by different presentation
levels of background noise. In other words, we do
not know if, at higher intensity of background
noise, speech discrimination is compensated for
or even better than in normal subjects.3,4
Patients with unilateral mild to moderate
CHL are most often overlooked in clinical prac-
tice. Unilateral CHL also represents a dilemma
Hearing in noise test and conductive hearing loss
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for ear surgeons because the benefits of improv-
ing the poorer ear are less obvious after surgery.
However, our results indicate significant disabil-
ity associated with these subjects in the sound
field with and without background noise. Even
in quiet, mild to moderate unilateral CHL re-
sulted in significant elevation of RTS to 7.6 dB A.
Nia and Bance also found pure tone threshold
elevation of 4–5 dB across most frequencies in
the sound field for this group of patients.3 The
reasons are not entirely clear. It might be related
to central mechanisms such as binaural summa-
tion.12 Priwin et al also found a high degree of
objective and subjective hearing difficulties in
patients with single-sided external ear malforma-
tion associated with CHL.13 Under background
noise, we found that subjects with unilateral CHL
performed significantly worse in sentence dis-
crimination than controls did, regardless of
whether noise came from the front, affected side,
or normal side. We believe that central mecha-
nisms, including masking level difference and
binaural squelching,14 play important roles in
the deficit of hearing-in-noise in this group.
Moreover, we demonstrated that the ability of
sentence discrimination in noise was correlated
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Figure. Scattered plots of averaged hearing level of the
poorer ears and speech perception performance in noise
for the control, unilateral conductive hearing loss (CHL)
and bilateral CHL groups. (A) Reception thresholds for
sentences in quiet; (B) noise from the front; (C) noise from
the normal side; (D) noise from the affected side; (E) noise
composite scores.
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with the degree of hearing loss under most cir-
cumstances, which is similar to the condition in
the SNR loss of sensorineural hearing impair-
ment.15 Finally, our study involved only adults
with acquired CHL because the Taiwan version
of M-HINT for children is still under development.
Although, without the support of solid data, we
believe that the hearing in noise results would
have been even poorer if the hearing loss were
congenital. One obvious reason is that the abil-
ity of hearing in noise depends heavily on mech-
anisms related to the central auditory functions,
which are compromised in subjects with long-
term auditory deprivation as a consequence of
congenital conductive/sensorineural hearing loss.
In summary, the results of the present study
showed that CHL (unilateral and bilateral) reduced
sentence discrimination under the condition of
background noise. For unilateral CHL, sentence
discrimination was particularly poor when noise
originated from the normal side (speech signals
from the affected side) or the front. The elevation
of SNR was found to be correlated with CHL sever-
ity. The clinical implication of this is that, despite
mild to moderate CHL in only one ear, speech
discrimination ability was still substantially re-
duced. Active intervention in these easily treatable
cases will improve hearing in noise and possibly
sound localization.
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